1. Introduction {#sec1}
===============

Myasthenia gravis (MG) is an autoimmune disease limited to specific organs in which autoantibodies attack nicotine-acetylcholine receptors in neuromuscular junctions. The hypofunction of these receptors leads to a neuromuscular transmission defect, which then causes hypofunction, fatigue, and inflammation of skeletal muscles and produces serum antibodies against muscle antigens \[[@B1]\]. The disease is characterized by voluntary muscle weakness caused by the neuromuscular transmission defect, ophthalmic abnormalities, such as ptosis and/or diplopia, occur in 40%--94% of cases in the early stages, and ocular muscles are affected in 97% of cases during the total morbidity period \[[@B2]\]. Fifty to sixty percent of patients present with purely ocular symptoms, which is referred to as ocular myasthenia gravis (OMG) \[[@B3], [@B4]\].

A diagnosis of MG is based on pathognomonic history, clinical characteristics (e.g., muscle fatigue unaffected by neurological defects or areflexia), and the results of necessary examinations. In cases of mild symptoms or questionable examination results, diagnosis relies more on pathognomonic history. Thus, it is difficult to diagnose patients whose medical histories have been poorly recorded. Ordinarily, the repetitive nerve stimulation test, the edrophonium test, anti-acetylcholine receptor antibody (anti-AChR-Ab) titers, and the ice test are used for MG diagnosis \[[@B5]\].

An abnormal increase in anti-AChR-Ab titer is observed in more than 90% of cases of MG and in 45%--65% of OMG cases \[[@B5]\]. In OMG cases accompanied by high titers, systemic MG is more likely to occur \[[@B6]\]. In addition, the anti-AChR-Ab titer test is less invasive than the repetitive nerve stimulation-electromyography or single fiber electromyography.

Several autoimmune diseases, such as Graves\' disease, Hashimoto\'s disease, rheumatoid arthritis, and systemic lupus erythematous, occur more often in MG, while autoimmune thyroid disease occurs more frequently than other autoimmune conditions in MG patients \[[@B7]\]. Therefore, this study was conducted to investigate the sensitivity of anti-AChR-Ab levels in patients with fluctuating diplopia or ptosis, as well as to identify clinical patterns in suspected OMG cases. In addition, we evaluated the correlation between suspected OMG and autoimmune thyroid abnormalities.

2. Methods {#sec2}
==========

This study is a retrospective study. We reviewed the medical charts of patients complaining of diplopia or ptosis with diurnal variation and fatigue between March 2010 and March 2013. In cases involving diplopia, only patients with variable angle strabismus during consecutive follow-ups were included. In addition, ptosis of OMG was defined as positive using the ice test. The exclusion criteria were as follows: previous diagnoses, including cranial nerve palsy and known strabismus, prior strabismus surgery history, and former medical history for diplopia. In addition, patients with generalized fatigue symptoms and signs were excluded to select patients with pure OMG. The protocol for this research study was reviewed and approved by the Institutional Review Board (IRB) of Kim\'s Eye Hospital, and all procedures conformed to the guidelines of the Declaration of Helsinki.

Subjects were classified into three groups: group 1, patients with variable diplopia; group 2, patients with only ptosis; and group 3, patients with both fluctuating diplopia and ptosis. We performed full ophthalmologic examinations and investigated the pattern of extraocular movement consisting of duction and version ability and ocular deviation using the prism alternate cover test.

We also investigated serum anti-AChR-binding Ab titers. Anti-AChR-binding Ab titers were analyzed using radioactive isotope-based radioimmunoassay (RIA) and titers of ≥0.2 nmol/L were regarded as abnormal. In addition, the thyroid autoantibody test was conducted because MG is known to be closely associated with autoimmune diseases, such as dysthyroid ophthalmopathy \[[@B8]\]. The thyroid autoantibody test was limited to anti-thyroglobulin antibodies (TGA), anti-microsomal antibodies (TPO-Ab), and thyroid stimulating hormone (TSH) receptor antibodies; in addition, patients underwent the thyroid function test (TFT), which measures T3, T4, free T4, and TSH levels.

First, we calculated the number of patients who tested positive for anti-AChR-Ab and each ophthalmologic feature using ocular movement tests, such as duction and version assessments, followed by the alternate prism cover test, and these results were compared between the three groups. Second, comparative analysis was performed on the anti-AChR-Ab titers in the three groups. Finally, thyroid gland abnormalities, including abnormal results for TFT and autoantibodies, such as thyroglobulin antibody (TGA, \<115 IU/mL), TSH receptor antibody (TSH-RA, \<1.5 U/L), and anti-thyroid microsomal autoantibody (TPO-Ab, \<34 IU/mL), were compared between the three groups. Statistical analyses were performed using SPSS ver. 14.0 (IBM Corp., Armonk, NY, USA). One-way analysis of variance (ANOVA) test was used to analyze the statistical difference between anti-AChR-Ab titers and age between the three groups.

3. Results {#sec3}
==========

First, we chose 2,342 patients with ptosis and/or diplopia from the hospital database. Among these, 144 patients complaining of fluctuating diplopia and ptosis were included. The mean age of the subjects was 43.4 ± 16.6 years, and the subject population included 68 men and 76 women. Their chief complaints included diplopia (*N* = 103), ptosis (*N* = 12), or both (*N* = 29; [Table 1](#tab1){ref-type="table"}). Abnormal anti-AChR-Ab levels (\>0.2 nmol/L) were observed in 21 of 144 (14.5%) patients; this cohort included 11 men and 10 women, and their mean age was 43.3 ± 16.5 years. With respect to mean age, there were no statistically significant differences between subjects with normal anti-AChR-Ab levels (43.5 ± 16.7 years) and seropositive OMG patients (*P* = 0.481). Among the three groups, mean age, number of seropositive patients, and mean anti-AChR-Ab level were not significantly different (*P* = 0.224, 0.073, and 0.062, resp.).

The chief complaints of seropositive patients included diplopia, ptosis, and concurrence, which were reported by 52.4% (*N* = 11), 14.3% (*N* = 2), and 33.3% (*N* = 8) of the patients, respectively. Among groups, mean age and anti-AChR-Ab titer were not significantly different (*P* = 0.304 and *P* = 0.234, resp.; [Figure 1](#fig1){ref-type="fig"}). Seventeen of 19 patients with diplopia had strabismus: horizontal strabismus (*N* = 8), vertical strabismus (*N* = 5), concurrence (*N* = 3), and cyclotropia (*N* = 1). Of the eight patients with horizontal strabismus, five and three had exodeviation and esodeviation, respectively ([Table 2](#tab2){ref-type="table"}); however, two patients had no definite deviation determined by alternate cover and cyclotorsion tests.

Of the total 144 subjects, 69 (59 with diplopia, 3 with ptosis, and 7 with both) patients underwent thyroid autoantibody tests. Nineteen (27.5%) of 69 patients had abnormal thyroid autoantibodies including TGA, TPO-Ab, and TSH-RA; 10 of 21 seropositive MG patients were tested for thyroid autoantibodies, and 60% of these patients had thyroid autoantibodies. Six of 19 patients tested positive for both anti-AChR-Ab and thyroid autoantibodies ([Table 3](#tab3){ref-type="table"}). Of the 15 patients who tested positive for thyroid autoantibodies, four patients had TGA, five patients had TPO-Ab, three patients had TSR-RA, and the other seven patients tested positive for at least two of the above ([Table 4](#tab4){ref-type="table"}).

4. Discussion {#sec4}
=============

This study was conducted to investigate the sensitivity of anti-AChR-Ab levels in patients with fluctuating diplopia or ptosis, as well as to identify the correlation between anti-AChR-Ab levels and thyroid disorders. Abnormal anti-AChR-Ab levels were found in 14.1% (11 males and 10 females) of patients who complained of fluctuating diplopia or ptosis, 60% of whom had thyroid autoantibodies.

Our study showed a similar gender distribution to what Limburg et al. \[[@B9]\] reported, in that the anti-AChR-Ab titer was not related to gender. In our study, the chief complaints were diplopia (71.5%), ptosis (8.3%), and their concurrence (20.2%), whereas Mittal et al. \[[@B10]\] presented that the most common clinical symptom was concurrence (52% of OMG). Such discordant results could be attributed to a selection bias, because our enrolled patients were mostly recruited from a strabismus center, whereas Mittal\'s patients were recruited from a neuroophthalmology clinic.

In this study, 17 of 21 diplopia patients had strabismus, and vertical strabismus, including combined deviation, was found in 47.1% (8 of 17) patients. These results correspond well with those of earlier studies. For instance, Cleary et al. \[[@B11]\] presented that weakness of the elevator muscles, including superior rectus and inferior oblique muscles, was common in OMG, and Oosterhuis \[[@B12]\] suggested that the medial rectus muscle was often the first involved; however, vertical deviation was frequently found in OMG.

In the present study, there were no significant differences in mean age, anti-AChR-Ab titer, or thyroid autoantibodies between the three groups. TSH-RA is a sensitive test for Graves\' disease and Hashimoto\'s thyroiditis, which have a high prevalence of TGA and TPO-Ab, and normal healthy controls have only a 2%--4% prevalence of thyroid autoantibodies \[[@B13]\]. Epidemiological studies show that autoimmune thyroid diseases occur in approximately 5%--10% of patients with MG, whereas MG is reported in a low frequency (0.2%) in patients with autoimmune thyroid diseases \[[@B14], [@B15]\]. However, Cojocaru et al. \[[@B16]\] reported that 40% of MA patients have thyroid autoantibodies. The present study showed that 19 (27.5%) of 69 patients had abnormal thyroid autoantibodies, including TGA, TPO-Ab, and TSH-RA. Moreover, 60% of seropositive MG patients had thyroid autoantibodies. Furthermore, patients with diplopia and ptosis simultaneously showed a high prevalence of anti-AChR-Ab and thyroid autoantibodies. The association between the two diseases seems to be attributable to autoimmune mechanisms rather than simply by chance. Recent research has shown the involvement of autoantibodies, lymphocytes, cytokines, and chemokines in the pathogenesis of MG \[[@B17]\]. Thus, seropositive OMG may have a higher prevalence of thyroid autoantibodies and the autoimmunity between OMG and autoimmune thyroid diseases may be significantly correlated. Subsequently, the thyroid autoantibody test could be an auxiliary test for OMG detection.

The present study has several limitations; for instance, seronegative MG patients included 85.5% of all patients and false negatives could not be defined using other diagnostic examinations, such as electromyogram, Neostigmine test, and Tensilon test. Moreover, anti-AChR-Ab levels were only detectable in about 50% of patients with OMG \[[@B18]\]. Therefore, some of the enrolled patients may not have MG. However, the present study focused on the sensitivity of anti-AChR-Ab as a noninvasive technique on suspected cases of MG; thus, our results provide relevant information for MG diagnoses.
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###### 

The characteristics of each group.

                                                Diplopia (*N* = 103)   Ptosis (*N* = 12)   Diplopia and ptosis (*N* = 29)   *P* value
  --------------------------------------------- ---------------------- ------------------- -------------------------------- -----------
  Male/female                                   57/46                  5/7                 17/12                            0.601^\*^
  Mean (SD) age, yrs                            42.12 ± 17.4           43.17 ± 10.5        48.17 ± 15.3                     0.224^†^
  Number of patients with anti-AChR-Ab^‡^ (%)   11 (10.7%)             2 (16.7%)           8 (27.6%)                        0.073^\*^
  Mean anti-AChR-Ab^‡^ level (nmol/L)           0.26 ± 1.4             1.10 ± 2.7          0.99 ± 2.3                       0.062^†^

^\*^Chi-square test; ^†^one-way ANOVA; ^‡^anti-AChR-Ab: anti-acetylcholine receptor antibodies.

###### 

Types of strabismus.

  Strabismus                         *N* = 17
  ---------------------------------- -----------
  Horizontal deviation               8 (47.1%)
  Exodeviation                       5 (29.4%)
  Esodeviation                       3 (17.6%)
  Vertical deviation                 5 (29.4%)
  Combined (horizontal + vertical)   3 (17.6%)
  Cyclodeviation                     1 (5.9%)

###### 

Thyroid autoantibodies in three groups.

                            Diplopia (*N* = 59)   Ptosis (*N* = 3)   Diplopia and ptosis (*N* = 7)   *P* value
  ------------------------- --------------------- ------------------ ------------------------------- -----------
  Male/female               32/27                 1/2                4/3                             0.763
  Mean (SD) age, yrs        45.4                  48.7               46.0                            0.936
  Hyperthyroid state        5 (8.5%)              1 (33.3%)          2 (28.6%)                       0.507
  Thyroid autoantibody                                                                                
   Anti-thyroglobulin Ab.   9 (15.3%)             0                  3 (42.9%)                       0.041
   Anti-microsomal Ab.      12 (20.3%)            1 (33.3%)          2 (28.6%)                       0.513
   TSH receptor Ab          7 (11.8%)             0                  0                               0.514

###### 

The prevalence of anti-acetylcholine receptor antibody (anti-AChR-Ab) and thyroid autoantibodies in the three groups.

                               Diplopia (*N* = 59)   Ptosis (*N* = 3)   Diplopia and ptosis (*N* = 7)   *P* value
  ---------------------------- --------------------- ------------------ ------------------------------- -----------
  Anti-AChR-Ab (+)             2 (3.4%)              0                  0                               0.043
  Thyroid autoantibodies (+)   12 (20.3%)            0                  1 (14.2%)                       0.169
  Both of them                 4 (6.8%)              1 (33.3%)          3 (42.9%)                       0.001
  None of them                 41 (69.5%)            2 (66.7%)          3 (42.9%)                       0.368
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